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DITCH~G TEsTS WITH .A 1/16-s12E DYNAMIC M6DtiLOF.m .:. . ... ...
ARMYB-24 AIRPLANE IN LANGLEY TANK NO. 2 ‘ “.

..-.
AND & AN OUTDOOR CATAPULT .

By Lloyd J. Fisher end Margaret F. Steiner ●

SUMMARY
.

Tests Were conducted to determine the best way to
ditch the -y E-24 airplane in calm and rough water and
to deteiamineits probable ditching performance. A dynaili-
cally similar model of the ~-~ airplene wes ditched in
calm water in tank no. 2 end in calm and rougl%water from
an outdoor cate.pult. Its behavior was ascertained by
making visual observations, by recording maximum deceler-
ations, md by taking motion-picture records of the
landings.

Conclusions based on the tests are thet a water
ltiding with a Bd+ airplene should be made at “as.low a
vertic.elrnd horizontal velocity as possible; A medium”
(Jo or ~o) attitude ditching with flaps down appesrs to
be slightly preferable, and if po6sible; the airplane
.should be ditched.persllel to the waves, Decelerations
of.about ~g are to be e+pected~ A hydrofl+p W6S found tO
W a%ery effective ditchtig aid for preventing dives.
,:. ..: . . .F.

,Generallyspeaking, the tests Indicate that the
“B{% airpl~e.with the extensive damage to the bottom
that ‘Will.probablyoccur in a ditching.is an unsafe dr=
@lane. .’ The model settled into the water up to the wings
very soon”.afterimp9ct. There was a.tendency to dive in
certain conditions of seaway when damage caused a %osin&
in” moment. .;... .. .

. ..... . . . .--,. ,,,. ,. . ... ,.. .. . . ...
... .. . .. .. ..

,,.:. .... :.... %-.,.
..... “.. .L ... .. . .. ... .. .
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INTRODUCTION

Object d’ tests.~ The J&my Alr
service Command, on Mcroh 26, 1943,

Forces, Air !kchnicel
re~uested that an

investigation be made with hcale dfiamlo models to determine
the best way to land the Army B-2)+airplane In calm and
rough water and to determfne its probable”dltchingbehavior.

Place of tests.- The tests were made at Langley tank
no. 2 and.at an.ou%door oatapult,

fill-scale experience.- Reports from AAF and RAF
Ullots ~ndlcate that he ~itchin~a of the B-2h me very
~evere. There Is a great loss or life in ditchings of-
this airplane. In a number of Inatanoes the airplanes
have broken Into two or three parts when ditched. Because
of a general collapse of the bottom of the fuselage, there
is always a great inrush of water and the airplane sinks
almost immediately to wfng level.

PROCEDURE

Descrlpt!on of Model

A three-view drawing of the Army B-x airplane Is
shown In figure 1. Two 1/16-sim dynamically simtlar
models of this airplane were used in the tests. The
profile of each model was the same except for the tlp
of the nose. One was a model of the B-2@ airplane and
Is shown in flgtie 2. The other was a model of the B-2/+J
airplane and Is shown in figure 3. A description of the
type of construction of the models Is gtven in referenoe 1. -

The tests indicate that the ditching characteristics
for the two models are slmllar. Therefore, for clarity
In presenting the data, the test conditions and the test
results are given without dlstlnguishlng one model from
the other.

The B-*D model was constructed so that an extended
landing pear could be Installed as shown In P@ure 2.
The extended gear was designed to fall at scale strength.
The nose wheel was attached to a strut made of lead that
failed in bending when a maximum aft load of 3300 pounds
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(f’ul>scale) was applied at the axle of the wheel. The
malp ‘gearwas designed to fall when a maximum aft load

““-of ~+,00”6pouhds (full scale) was-applied at the -axleof
eaoh wheel. me failure load of the main struts was set

.—-

by adjusting the amount of.frlctlon.in a ball and socket
joint at the top of each wheel strut (fig. 4).

.,
The B-24J model was constructed so that an extra

section of fuselege, 7 feet long, full scale, could be
added between the wing and the pilotls cockpit (fig. 5).”
The long fuselage was essentially similar to that used
on the Navy PB4Y=2 airplane.

.Test Methods and Equipment

The apparatus &d test procedure used
In reference 1.

are described

Test Conditions

(All values given refer to the full-scale airplane.)

~pogs we~@t.- The model was tested at gross weights
from 45,000 pounds to 56,500 pounds-

Location of center of gravity~- The horizontal
locat~f he center of gravity was 29.5 percent of the
meen aerodynamic chord except for a few tests which~were
r.adewith the center of gravity at 24 percent and 52 per-
cent of the mean aerodynamic chord- The vertical location
was 7.84 inches below the thrust line of the inboard
naoelle8.

Attitude of the thrust line at contact.- The attitudes
of the ine en contact with the~r were 90, 7.5°9

f’lm:-” - Tests were made with flaps up and with

Landing speed.- The speeds used for all conditions
“were computed from.information obtained from the
Consolidated Vultee Alrcrsft Corporation.

.The airsDeeds used at the outdoor catanult were scale
airspeeds for-a flaps-down landing made wltfino power.

1 e

■ l ■ .,——,, . .
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The winds were frequently gusty so that some of the runs
were made with indicated airspeeds inadvertently higher
or lower than the scale speeds. A few of those runs in
whloh the model stayed in trim and appeared to make a
nomnal landing with no excess vertical velocity are
presented.

The speeds used in tank no. 2 covered a range of
ground apeedsfor eaoh attitude‘tested. These speeds
bracketed the scale airspeeds and, therefore, the model
.was not necessarily airborne at each.test speed. This
was done to investigate any hydrodynamic variation with
ground aped th~t might exist.

- The posslbla damage sustained by
the e in “a dltchlng was simulated by
removing the corresponding parts from the model. In a
few tests made on the outdoor catapult, the openings cut
In the model were covered with thin paper. This thin
paper simulated a week door or window but was not to
soale strength. The conditions of simulated damage that
were tested are described by listing the parts of the
model that were removed (cut out) and are as follows:

(a) No damage. Figure 3. .

(b) Nose window, nose-wheel doors, bomb-bay
doors, belly turret, end bottom rear entrance door
removed, ~gure 6. .

(l)”No bulkhead just aft of bomb bays.

(2) Partial bul~ead just aft o: bomb bays. “
Figure 7.

(c) Bomb-bay doors removed.

(1) No bulkhead just aft of bomb bays.

(2) Partial bulkhead just aft of’bomb bays.

(3) Solld bulkhead just aft of bomb bays.

(d) Nose window, nose-wheel doors, belly turret,
end bottom rear entrance door removed.

.
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(e) Nose window
with paper, bomb-bay.-v-,....a~.- bulkhead “justaft of

(f) Nose window

. . .

5

and nose-wheel doors covered o
doors partielly closed, solid
bomb bays. .. ....... ._

and nose-wheel doors covered
with paper, bomb-bay doors removed, solid bulkhead

. just aft of bomb bays.

Ditching aids.- Dur”lngpart of the tests, several
devices were edded to the model to improve its ditching. .
characteristics. Various sizes, shapes, and angles of
incidence were tested for each of these ditching aids.
The type of ditching aids that were tested are “Hafollows:

!

(e) Hydroflap attached near theF~ojw&el doors
to hold the nose out of the water. .

(b) Hydrospoiler attached near the nose-wheel
doors to destroy my suction under the nose. Fig-
ure 9.

(c) Devices attached near the tail to hold the
tell in the water (water scoop and hydrofoil).
Figures 10 md 11.

(7 fe%%%g+&”
- A few tests were made with a section

scele) Pcidedto the fuselsge between
the win

f
and the pilot~s cockpit. The long fuselage

(fig. 5 approxim~ted thst used on the Navy P~Y-2 airplane.

with %%%%+
ear.- The majority of the tests were made

ee s retracted but a few tests were made with
the wheels extended. ..

Seeway..- -

“ (8) C81m water. “ . ., . . “

(b) Wave crest parallel to the flight path, “..:
height 2 to 7 feet, . ..

(c) Wave crests perpendlcul~’‘to‘theflight ;;-
path, height 2 to 7 feek. . ...

. .
..... . .

.. . . : .’.
., ,. .... “.1. . .. . .:.

,..h-
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PRESENTATION OF RESULTS

Landing
table I.

speeds for the B-a airplane are shown in

Data from tank tests with the model in different
conditions of damage and covering a range of ground speeds
for various landing conditions are presented in table II.

Those data from tank tests with the model operated
at scale airspeeds for power-off, flaps-down landings are
offered in table III.

Ditching perfomsnce of the model in open seaway at
the outdoor catapult is summarized in t~ble IV.

Photographic sequences of tywical ditchings of’the
model.are presented in figures 12 through 17.

Time-history records of longitudinal deceleration
are shown in figures 15 end 19.

The results presented in this report egree”closely
with those reported for tests made with models of the
B-x airplane at the Royal Aircraft.Establishment,
Farnborough, =glsnd. The RAE tests were also made on
both calm and rough weter. (Se”ereferences 2 end ~.)

.

DISCUSSION

Beeause of tie very weak bomb-bay doors (safe load
of less than 178 pounds per square foot) and general
weakness of the bottom of the fuselage, it is llkely
that the airplane wUA be completely flooded immediately
after it oontacts We water. If the bomb-bay doors
fail completely, a dive probably will result. A ‘dive”
is interpreted to mean any performance in whioh the nose
of me airplane is foroed to enter the water while the
airplane is traveling.at appreciable speed. Most of the
airplane may be under water In a near level attitude
or in extreme cases the attitude may be appreolably
negative to the horl%ontal~ In this event the fuselage
will be flooded and also high decelerations possibly will
result. The model tests indioated that these ditohlng
oharac$teristloacould be improved by the use of ditohlng
aids●

-11-m -—mmll nm MM I mm ■ 11111 II



Effect of attitude and speed.- ~ smooth-water tank
tests~,~~n.attitude ditchings of the model with the bomb-

-, bay .d~ors.-renovedgenerally.resulted,fi diving. .Low.
attitude ditchings of.the model usually resulted in skipping
or porpoising although occasional dives occurred.

Changes in groundspeed did not greatly affect the
hydrodynamic behavior of the model.

. . . .
The”highest maximum longitudinal decelerations of

about 5g were reoorded at’the 90 attitude and the lowest
of about 2g were recorded at the 50 and .lo attitudes.

In general, the decelerations and the diving tendencies
. In smooth water tended to decrease with decreasing atti-
tudes. Eowever, it is doubtful that any advantage would
be gained by a very low-ettitude ditching because of the
probability of increased.damage due to greater dynamic
pressures et the higher speeds of the low-attitude ditching.

Effect of flap settin~.- The flaps had no appreciable
effec% cn thehydr amic performance of the modal. There-
fore a ditching s; d be made with flaps down in order
to take edv-antageof the lower horizontal velocity thus
afforded. .

Effect of vertical velocity.- The performance of the
model~m~ed with an increase in the vertical
velocity. See table II, parts.E and F.

Effect of location of center of
center of gravity was locatec1e&%&%-5?&r%;t
mean aerodynmnic chord the perfomence was essentially the
same as in part G of table II”and so is not listed sepa-
rately.

dffect of’simulated dama e~- When the model was
‘~d, it made smooth runs orditoh~~-~m.age S

skipped or porp~ised with maximum decelerations usually

between lgan~ ?+g; HoweVei?,it is not likely that the

tirplane will .bestrengthened enough to prevent extensive
damage of the bottom of the fuselege in e ditching. ~Len

ditchings were made with damage simuleted, the model
usuelly settled into the water up to the wings very soon
after impact. -

,

1-....—.—-,,, . .,., .-...—-.-.—..
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In the tests when the bomb-bay doors were removed
the inrushing water apparently produced a noelng-tn
moment which frequently caused a dive- Maximum deceler-
ation of Zg to 5g resulted. This w- especially true
in the high-attitude landings.

When other doors In addition to the bomb-bay doors
were removed, there was not a substantial change in the
ditchhg per~ormsnce of the model. ~ the tests where
the nose window and the nose-wheel doors were covered
with thin paper, the paper always failed on contact with
the water.

~ tests made with the bomb-bay doors partially
closed the nosing-in moment was reduced and the ditching
performance appeared to be bettsr than with the doors
removed. However, the performance was not as good as
with the doors completely closed.

Effect of ditching aids.- Selected results from each
type of tching aid tested are given in table II. A
trapezoidal hydroflap attached at the after edge of the
nose-wheel door was more effective In preventing diving
than the other types of’aids tested.” It is also belleved
to be the aid most easily applicable to the full-scale
airplane. Various other trapezoidal, rectsngulazz,and
square hydroflaus were tested, but the one shown in fig-
ure 8 gave the smoothest runs,

Hydrospoilers (fig. 9) also prevented dlvtig but
the behavior of bhe model was not as smooth as when a
hydroflap was used.

Water scoops and hydrofoils (figs. 10 and 11) were
attached near the tall h an effort to hold the tail:in
the water. The performance with these devices was
inconsistent. On some runs they prevented diving but on
other runs at similar conditions very violent dives
occurred. The smallest hydrofoil that always prevented
diving in the model tests is shown in figure n(b). However,
it is believed thet the size of this hydrofoil and the
structure necessary to support it are so greet that it
would be impractical to install on the B-a airplane.

Effect of fuselage length.- Increasing the length of
the fuselage >) improved the ditching characteristics
somewhat but didg~ot entirely elmnate diving (table II).
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Effect of landing Reer.- The model dived durimg
a~os %,+eyery 1tching made with nose wheel, main wheels,
or all three wfie-dlsdo~”’(tabl-e11).”.-

~ffect of load.- There WQS no pronounced change in
hydrodynamic performance between ditchings at heavy and
light load conditions.

Eff’eotof seawa~.- A wide range of wave heights was
encountered in ths rough-water tests. When ditched
directly across the waves, the model frequently dived
dseply into an oncoming wave. The ditchings were improved
when the contact with the water was made just after the
crest of the wave had passed. A few runs were made into
a heed windof 30 to 50 miles per hour (full scale). In
these landings the airplane nosed into a wave ~n a few
cases but the ground speed was reduced enough so that the
impect appeared to be ‘sof’t.m Landings m~de in the trough ‘
of the wave and parallel to the wave crest were ganerally
batter than those made across the waves.

CONCLUSIONS

The following conclusions are bssed on model tests:

1. The airplane should be ditched in a medium (4°
or 5°) attitude with flaps down.

2. The ditching should be made with es low a vertical
snd horizontal velocity as possible.

3* The airplane should be ditched perdllel to the
waves If feasible, butmif a ditchin~ is mnd6 into the
wind and across the waves, en atte-mptshould be made to
contact just after the crest of the wave hed passed. .

k. Crew members should brace themselves in a ditching
to withstand longitudinal decelerations of 5g end should
prepare to immediately abandon the airplane which will
quickly be flooded with water. “

—
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5. Certain dltthing aids will improve the ditching
performance of the airplane. A hydroflap was the most
effective of all the ditching aids tested in preventing
dives.
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TABLE I - LANDING SPEEDS

Flaps down, power off

Weight
(lb)

43,000
48,500
56,500

43,000
48,500
56,500

43,000
48,500
56,500

Attitude
thrust line

(deg)

9
9
9

5
5
5

1
1

1

Airspeed
(mph)

86
92
99

la
109

115
,123
133

Note: These speeds were determined from data
obtained from Consolidated Vultee Aircraft Corp.’

NATIONAL ADVISORY
COMMITTEEFORAERONAUTICS
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TABLE11-DITORINO ~ONMANOS OF A l/16-SIZEMODSLOFM ARMYB-24AIRMMB LAHDBDON CAM wAm IRLANOLBYTANKNo.2
~11 Valuesarefull-maloexcapt whorowaliflod; gross wolght, 48,500 to56,500 pounds.7

Attitudo of thrust lino ●t oontaot I 9°
Oroundqmd (mph) 80 100 110 120

Structural condition of M

S.o s F/es 6
2.94 3.0 5
2,7 4 3.0 6.

. r ‘ 3.
1

NO LlaMagasimulated,
m

:8 4 3.7 4
9 p
B

r T- Zfl +
Bmb-bay doors removed. Ho bulkhead aft of bmb bays.

bulul

“ II r T = ~ld!

:s 1 4:4 2 d

%mb-ba y doors r&ovea. Solid ●m just art o
bmb bays. :4 a d 5.0 1 Id

Bmb-bay doors removed. Partial bulkhead just ●ft of “ 1 d 5:0 ld ;.- . .

I
*

koee window, nose-wneex aoors, bOmb-bay aoors, belly
turret, bottm rear ●ntrance door raoved. Ho Z

J

—

p%+%.
- porpoleed (oscillated in trim).

8- skipped(left the water).
t- turned ●harply.

0141111111
bulkhead aft of bomb bars. 1 [ I I I 1 I I

hO SS Dar I
4 I

~ ●oowe excem that moael 10 lmnchea .
frm 4- in. above the wate; inttead of 1 in. ●bove z 3.7 1 d 3.6 3 ●
so as to increase the vertical velooity. a

Nose window, nose-wheel doors, bcab-bay doors, bell~
b z a z d

turret, bottm raar entrance door ranovod. Partial
bulkhead fist ●f t of bcmb bayr.

- I ‘‘1 4 10 6 ,

: : : :

Nose window, nose-wheel aoors, bolAy turrethole,
P

:0 5 1:5 4
bottm rear ●ntranoe door removed. 1.0 5

7
a

7-foot #ection of fueel~ge added between wing and 2 7
pilot rs Cookplt.~ngOas in part ‘Dm above. 1 d

6

note r
= Dec. - Uaxlnm dooeloration in multiples of the ●oceleratlon of ~avlty.
Run - Length of run in wltlplos of the length of the airplane.
mk. - Raarka (coo S~bols).

100 I 120 I 120 I

?5

NATIONAL ADVISORY
COMMITTEE FM AERONAUTICS

z
o
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TABLEII- CONCLUDED.

qual~fled; gross weight, 48, S00 to 56,500 pound8./

l?otaz
=Doc. - Maximum deceleration lnmultlpleo of the acoeleratlon of gravity. NATIONAL ADVISORY
Run - Length of run in multiples of the length of the airplane.
Rink. - Remarka (see S~bola)

COMMITTEE FOR MMNAUTICS
z
o
.

P - porpolsed (osolllnted in trim).
s - skipped (left the water).
t - turned shsrply.



—

TABLE III - DITCHING PERFORMANCEOF A l/16-SIZEMODEL OF AN ARMY B-24 AIRPLANE
LANDED AT SCALE AIRSPEEDS ON CALMWATER IN LANGLEY TANK NO. 2

[

Flaps down 40°. 1All values are full-scale.

Attlt ude Canputed‘Test Maximum
Structural conditionof model thrust line airspeed speed deceleration Performance In water.

(deg) (mph) (mph) g)

9 92 92 Smooth run.
No damage simulated.

1 122 120 1.4 - 3.5 Trimmed up, skipped.

9 92 90 ● Dived.

5 103 100 2.7 Smooth run. Ran low
Bomb-bay doors removed. No in water.
bulkhead aft of bomb bays.

1 122 120 Sk%pped.
;:: Smooth run.

9 92 90 3 8 45 Tended to dive, or dived.
3“:0~ 2:9 Trimmed up, smooth ruri.

Nose window, noee-wheel doors, 3.7 Smooth run.
bomb-bay doors, belly turret,
bottom rear entrance door 5 103 100 2.3 Porpoised.
removed. Partial bulkhead 1.7 Smooth run.
j’ustaft of bomb bays.

1 122 120 3.3 Dived.
1.0 - 4.0 Porpolsed.

Nose window, nose-wheeldoors, 9 9Z 90 36 Stopped quickly.
bomb-bay doore, belly turret, 2;1 Nose and nacelles dug in.
bottom rearentrancedoor
removed.Solidbulkheadjust 5 103 100 4.0 Stopped qulckfy.
aft of bomb bays. 3.7 Nose and nacelles dugln.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV - DITCHINGPERFORMANCEOF A U16-.SIZEMODEL OF AN AFWY B-24 AIRPLANE
LANDED IN VARIOUSCONDITIONSOF SEAWAY AT AN OUTDOOR~ATAPULT

SmoothWriter

.

Attitude
thrustline
(deg)

9

9

9
9

9
9

2

5

:
5
5

1

1
1

1

1
1

Scaled
Iirspeed
(mph)

92

92

86
86

92
90

103
105

lo~

98
98
10
93

122

115
120

120

122
122

Measured
airspeed
(mph)

91

97

%

92
92

100
105

105

i;3
106
100

122

120
124

124

120
125

[
Flaps down,40° 1All values are full scale

Groum
speed:
(mph)

79

120

88
88

88
93

93

122

120
134

134

NATIONALADVISORY
COMMITTEEFOR AERONAUTICS

>onditlon
of Performance.inwater

damage

A

A

B
3

*c
D

A
A

A

B
B
c
D

A

B
B

B

:

Nacellesdug in, thenmodel porpoisedslightly,
and dived slightly.atend of.short run.

Settledin quicklywith nose buryingand
causingshort run.

Shallowdive.
Porpoisedslightly,nacellesandnose dug in

at end of run.
TrimmedUP, nose clearuntil late in run.
Trimmedup, nacellesand nose dug in late in

run.

Smoothrun, nose clearduringmost of run.
Porpoiaedslightly,fuselegelow in weter up

to wings.
Wing low, straightenedon contact,fuselage

run low in water,
Pitchedup and down,nose dug in at end of run.
Shallowdive.
Tr@ned up, nose alear until late in run.
Trimmed up, smooth run untilnose and nacelles

dug in.

Most of nose clearuntilnacellesdug in
slightlyat end of run.

Porpoi8edwith fuselagelow in water.
Pitchedup and down untilnose dug in slightly

at end of run.
Pitchedup md down untilnose dug in slightly

at end of run.
Pitchedup and down or skipped,nose clear. x
rimmedup then porpoised. a

z
o

A- Nose window,nose-wheeldoors,bomb-baydoors,belly turret,rear entrmce hatch removed, .

partialbulkheadjust aft of bomb bays.
B- N09e window and nose-wheeldoors coveredwith thin paper,bomb-baydoors removed,solid

P

bulkheadjust aft of bomb bays. ~
c- Completemodel, simulatingno damageto full-scalea?rplane. ~

D- NOse window and nose-wheeldoors coveredwith thin paper,bomb-baydoorspartiallyclosed,
solid bulkheadjust aft of bomb bays.

—



TABLE IV - Continued.

Ditchings Along Waves, Across Wind

[

FlaPs down, 40° 1All values are full scale NATIONAL ADVISORY
COMMITTEE’FOR AERONAUTICS

Wave Attitude Scaled Measured Ground Condition
height thrust line airspeeds airspeeds speeds Performance in water
(ft) (dog) (mph) (mph) (mph) d;~ge

2 9 92 92 92 B

I

Nacelles dug in deeply in rough waker, tended
to dive.

4 9 92 92 92 B acelles dug in deeply in rough water, tended
to dive.

9 96 102 102 A
;

1

Tended to dive, high spray raised.
9 86 96 96 p Porpoised with nacelles digging in at end of

run.

t !?
86

;: i
B ived through wave.

86 : 3 Tended to dive as nose and nacelles buried in
D I water.

5 9 94 97 Trimmed up then rotated forward and tended to

I

dive.

6 5 103 105 90 B hallow dive into quarteringwaves.
3 5 107 105 100 A oseand nacelles dug in deeply in waveg,

i
5 107 107 107 B mooth run.

4
~g; 107 107 3 ived into wave.

; 102 D ~it::do;pf:;l;o~:gn;:. dugin deeply at

6 1, 115 120 110 3 brimmed up,.then settled in at end of run.

t
115 117 117 !3

i
ettled quickly up to wings with little spray.

116 118 D rimmed up until late in run when it settled
In.——

A- Nose window, nose-wheel doors, bomb-bay doors, belly turret, rear entrance hatch removed,
partial bulkhead just aft of bomb bays.

B- Nose window and nose-wheel doors covered with thin paper, bomb-bay doobs removed, solid
bulkheradjust aft of bomb bays.

D - Nose window and nose-wheel doors covered with thin paper, bomb-bay doors partielly closed,
solid bulkhead just aft of bomb bays.
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TABLE IV - Concluded.

Ditchings Across Waves, Into Wind

[

FlapS down, 40° 1All values are full scale
NATIONAL ADVISORY

COMMITTEEFOR AERONAUTIC’S

Wave Attitude Scaled Measured Ground Conaitior
height thrust line airspeeds airspeeds speeds Performance in’ water

(ft) (dog) (mph) (mph ) (mph) d~~ge

3 ; 92 9
2 U

A Wing slightly low. Turned in a dive.
3 92 9 A Rode over waves with nose clear until end

$
of run.

9
i
2
6 %3

Dived into a wave.
9 ii 1! Tail contactedbefore CIcrest, nose ploughed

through next wave.

z
9 85

:2
55 B Ploughed through a high wave.

9 86 D Rode over waves in several r~s. In re-
maining runs, the tail was thrown upward
and the model dived into a wave;

i
5 107 10

1?
A Rode over waves.

107 :2 Dived into a wave.
; 10 ;:4 76 :

? i
Rode over waves.

5 9 102 92 B Rode over waves. Nacelles dug in at end
of run.

7 5 100 104 D Porpoised,nose dug in slightly in waves.

;’ 1 125 121 101 A
1

Pitched up and down.
125 120

i
3 A

7 1 125
Shallow dive.

122 5 A Rode over waves with nacelles raising

8
slight spray.

1 115 120 75 a Rode over waves with nacelles raising
slight spray.

7“ ““ 1 117 120 D Rode over waves in most runs.

A- Nose window, nose-wheeldoors, bomb-baydoors, belly turret, rear entrance hatch removed,
partial bulkhead just aft of bomb bays.

B- Nose window end nose-wheel doors coveredwith thin paper, bomb-bay doors removed, solid
bulkhead just aft of bomb bays.

D- Nose window and nose-wheel doors coveredwith thin paper, bomb-bay doors partially clo’s’ed,
solid bulkhead just aft of bomb bays.
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NATIONALADVISORY
COMMITTEE Fa MaoaAurKs

Figure 1.- Three-view drawing of the Amw &2.+ ai?plans.

I



(a) Front view.

Figure 2.- Photograph of a ~- size model of an Army B-24D airplane with scale
16

strength landing gear in the down position.

I



i

1

I

I
1

I

(b) Side view. Thenose wheel is notched sothatit can fall back partially into
the open wheel compartment.

Figure 2.- Continued.
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(c) Front three-quarter bottom view. r
8

Figure Z.- Concluded. 2
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(a) Front view.

Figure 3.- Photograph of a it-size model of an Army B-24J airplane.



(b)

Figure

w
3
●

Side view.

3.- E
Continued. s
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(c) Front three-quarter bottom

Figure 3.- Concluded.

view.
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Figure 4.- Photographoftherightmain landingwheelon a -&-size

model ~f an Army B-24 airplaneshowingballand socketj%t used
inmaking scalestrengthadjustments.



Figure 5.- Photograph of a ~- size model of an Army B-24 airplane showing an extra
16

section of fuselage (7 feet, full scale) added just forward of the wing.



Figure 6.- Photograph of a ~- size model of an Army B-24 airplane showing openings cut
16

to simulate failure of nose window, nose-wheel doors, bomb-bay doors, belly turret, and
bottom rear entrance hatch.

3.
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I Dimensions are full-size

K! 1 m

J
=

R Part ial bulkhead

t’iw

I

I t NATIONAL ADVISORY
CONNITTEEF~AERONAUTtCS

Figure 7.- Drawing slfowingpartial bulkhead in
fuselage just aft of bomb-b~s on ~ model of
an ~ B-a airplane.



Parallel to thrust line

Dimensions are full-size

NATIONAL ADVISORY
COHM1l’lEEFO-AWICS

Figure &- Drawing showing a
location on a model of

tra ezoidal lqdroflap and its
an L B-2+ airplane.

z
o
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Dimensions are full-size

zz
NATIONAL ADVISORY z

o
COMMITTEE FOQ AERONAUTICS .

Figure ~.- Drawi~ showing a trf
%W&Ya!~~%Lad “slocation on a model of an



Hatch open

Dimensions are full-size

NATIONAL
COUMITTEEFORAERONAUTICS

Figure 10- Drawing showing a water scoop and i% location
on a model of an ArmyB-a amplane~

!2
o
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Parallel to thrust line

p_ ~lt

Dimensions are full-size

p-- 22’*

\

(a)-imh ~*foiL
NATIONAL ADVISORY

COMMITTEEFORAERONAUTICS
P
ul
u

Figure 11.- Drawing showing a ~drofoil and its location o

on a model of an ~ B-2+ airplane.
+



Parallel to thrust line

DimeMiou are fill-size

(b) 72-inCh hydrofoil. NATIONAL ADVISORYCOMMITTEEFORAERONAUTICS

Figure 11- Concluded

3
%
o
.

r
m
u



_./”

(a) Undamaged.

Figure 12. - Photographs at 1-second intervals, full-scale, of a ditching of a ~-size model

of an Army B-24 airplane.Attitudeofthrustlineis9°atcontact;flapsd~~n 40°; .
speed100milesper”hour,full-scale.
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(b) Model with bomb-bay doors removed. b
~

Figure 12. - Continued,
.
r
8,
2

I



(c) Model with nose window, nose-wheel doors, bomb-bay doors, belly-turret hole, g
and bottom rear entrance hatch removed.

z.0
Figure 12. - Concluded.
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Figure 13. - Photographsat l-second intervals, full-scale, of a ditching of a
.

~-size model of
16

r

an Army B-24 airplane. Attitude of thrust line is 1° at contact; flaps down 40°; speed 120 miles ~8
per hour, full-scale. Model with bomb-bay doors removed. +



Figure 14. - Photographsat I-second intervals, full-scale, of a ditching of a &-size model of an ?z

Army B-24 airplane. Attitude of thrust line is 9° at contact; flaps down 40b~ speed 100 miles b
per hour, full-scale. Model with hydroflap attached near nose-wheel doors. Nose window, 8
nose-wheel doors, bomb-bay doors, belly turret, and rear entrance hatch removed. z



I o *37 .90 1.35 2.50 4.73

I
I

Time in seconds

Attitude (thrust line] 9°, airspeed 92 mph) weight 44;O00’lb0

0. ‘*5O .80 1’.38 2.50 4.38

Time in seconds

.~ust line] 9°9 airspeed 96 mph) weight 48,500 lb”

o .50 1.80 b
i72 .87 4.?2

~
.

Time in seconds Hh
Attitude (thrust line) 9°, airspeed 96 mph, weight 48,500 lb. u

s
Figure 15.- Photographs of a ~6-size model of the Army B-24 airplane ditched parallel

to the waves. Nose window, nose-wheel doors, and bomb-bay doors removed,

I All values are full scale
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0 .80 1.38 2.10 2.50 6,22

Time in seconds

Attitude [thrustline) 1°, airspeed 125 mph.

o ● 30 .43 1.05 1.80 4.42

!5

Time in seconds r

:
Attitude (thrust line) 1°, airspeed 125 mph. +

.
Figure 16.- Photographs of a ~6-si=e model of the Army B-24 airplane ditched parallel

to waves. Weight, 44,OOO pounds. Nose window, nose-wheel doors, and bomb-bay
doors removed.

All values are full scale
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2.05 1.18 0

5.85 4.68 ,3.68

Time in seconds

Attitude [thrust line) 9°, airspeed 92 mph.

.?5 .25 0

4.56 2.25 1.30

Time in seconds

Attitude (thrust line) 5°, airspeed 108 mph.

Figure I.7.- Photographs of a ~6-siz”e model of the Army B-24
airplane ditched across the waves. Weight, 44,OOO pounds.
Nose window, nose-wheel doors, and bomb-bay doors removed.

All values are full-scale
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